We investigated the role of lexical syntactic information such as grammatical gender and category in spoken word retrieval processes by using a blocking paradigm in picture and written word naming experiments. In Experiments 1, 3, and 4, we found that the naming of target words (nouns) from pictures or written words was faster when these target words were named within a list where only words from the same grammatical category had to be produced (homogeneous category list: all nouns) than when they had to be produced within a list comprising also words from another grammatical category (heterogeneous category list: nouns and verbs). On the other hand, we detected no significant facilitation effect when the target words had to be named within a homogeneous gender list (all masculine nouns) compared to a heterogeneous gender list (both masculine and feminine nouns). In Experiment 2, using the same blocking paradigm by manipulating the semantic category of the items, we found that naming latencies were significantly slower in the semantic category homogeneous in comparison with the semantic category heterogeneous condition. Thus semantic category homogeneity caused an interference, not a facilitation effect like grammatical category homogeneity. Finally, in Experiment 5, nouns in the heterogeneous category condition had to be named just after a verb (category-switching position) or a noun (same-category position). We found a facilitation effect of category homogeneity but no significant effect of position, which showed that the effect of category homogeneity found in Experiments 1, 3, and 4 was not due to a cost of switching between grammatical categories in the heterogeneous grammatical category list. These findings supported the hypothesis that grammatical category information impacts word retrieval processes in speech production, even when words are to be produced in isolation. They are discussed within the context of extant theories of lexical production.
INTRODUCTION
Lexical knowledge required for the appropriate use of words in connected speech includes knowledge of the words' semantic, syntactic, and phonological properties. In current theories of representation and access to lexical knowledge in speech production (e.g., Roelofs, 1992; Caramazza, 1997; Levelt et al., 1999) , it is assumed that these three aspects of lexical knowledge are represented at three independent levels within the word production system and accessed in two steps: first, a lexical unit, corresponding to a lexical node within a network model, is activated on the basis of the semantic properties of the target word; then, the lexical node spreads its activation independently to phoneme nodes, on the one hand, and to syntactic nodes, on the other hand, thus allowing the independent retrieval of the word's phonological content and syntactic features such as grammatical category and gender, respectively. Once retrieved, the word's syntactic features act as constraints for phrase and sentence planning processes. Thus, grammatical category information determines the appropriate syntactic environment for the word, and gender information, the appropriate form of other lexical units like determiners and adjectives in gender-sensitive languages 1 . Moreover, a central assumption of these theories, which is the focus of this study, is that the successful retrieval of a word does not depend on the prior access to its syntactic features 2 nor could it be influenced in any 1 Beyond these common assumptions, the theories differ on a number of points. For example, in Caramazza's (1997) model, the lexical nodes, called "lexemes," are viewed as modality-specific lexical units while, in Levelt et al.'s (1999) , the lexical nodes, called "lemmas," are modality-neutral lexical units. Activation between lexical and phoneme nodes is cascading in Caramazza (1997) and strictly serial in Levelt et al. (1999) . These points are, however, not relevant for the purpose of this study. 2 In the literature, Levelt and collaborators' theory is sometimes described as assuming that the retrieval of a word's syntactic features (e.g., its gender) is necessary for the retrieval of the word form (i.e., the "lexeme" or "morpheme" node). Actually, it is in those terms that Caramazza (1997) discussed Roelofs's (1992) theory of word production: "(in this model) the selection of a lexeme is mediated by the selection of the word's grammatical features. Given the centrality of syntactic information (. . .) in accessing lexemes, I will call this model of the structure of lemmas the 'syntactic mediation' (SM) hypothesis" (Caramazza, 1997, pp. 181-182) . However, this reading of the model has not been endorsed by its authors. Roelofs et al. (1998, pp. 224-225) noted that the "model does not assume that selection of form information depends on the selection of gender. Rather, the selection of a lemma node is a prerequisite for way by the level of activation or availability of these syntactic features. This is because, in these theories, the activation flow between a lexical node and its corresponding syntactic nodes is unidirectional, that is, spreading from the lexical node to syntactic nodes and not vice versa, and that the syntactic nodes are not connected to phoneme nodes. (A schematic representation of this hypothesis about the functional architecture of lexical information processing in spoken word retrieval is displayed in Figure 1 . ) This view on the role of lexical syntactic information within the word production system was motivated mainly by empirical evidence pertaining to a specific kind of lexical syntactic information, namely, grammatical gender. Yet there is no a priori reason to consider that conclusions drawn for gender apply to other syntactic properties as well. The different kinds of syntactic properties indeed differ in several aspects. Thus, grammatical gender and category have distinct functions in sentence planning and word formation processes; moreover, gender and category are differently predictable from the word's conceptual features (e.g., Berg, 1992) . These differences may have consequences on how they are represented and processed during word retrieval. However, there is little evidence available to date as regards the role of lexical syntactic properties other than gender in word retrieval. The purpose of this study was to seek empirical evidence pertaining to grammatical category information. In particular, inspired by evidence from neuropsychological studies, we entertained the hypothesis that, contrary to information about its gender, information about the grammatical category of a word directly impacts spoken word retrieval.
Evidence pertaining to the role of grammatical gender in word retrieval came, first, from studies of the "tip-of-the-tongue" (TOT) phenomenon (for review, see Brown, 1991) . These studies found that, when subjects experience a word in a TOT state, they nevertheless could report its grammatical gender or initial phoneme at better than chance rates Miozzo and Caramazza, 1997; Vigliocco et al., 1997) . Moreover, and importantly, the subjects could report the initial phoneme of words in TOT states even when they could not report their grammatical gender, which indicates that the retrieval of a word's phonological properties does not strictly depend on the prior successful retrieval of its syntactic properties (e.g., Caramazza and Miozzo, 1997; Miozzo and Caramazza, 1997) . Other evidence in support of this view includes response latency data in picture naming experiments using the picture-word interference paradigm. In these experiments, subjects had to name pictures of objects either with a bare noun or a noun phrase (Determiner + Noun or Determiner + Adjective + Noun) while ignoring a distractor word presented simultaneously. The distractor and target word were either gender-congruent (e.g., both feminine) or gender-incongruent (e.g., feminine distractor and masculine target). In the noun phrase production condition, naming latencies were found to be significantly shorter when the distractor and target word were gender-congruent than when they were gender-incongruent (Schriefers, 1993; van Berkum, 1997 ; La Heij the selection of gender as well as form information (. . .) . Hence, we fully agree with Caramazza (1997) that speakers can access the form of a word without accessing its grammatical gender." et Schriefers and Teruel, 2000) . However, this gendercongruency effect was consistently not found when subjects had to produce a bare noun (Jescheniak, 1994 , cited in Levelt et al., 1999 Caramazza et al., 2001; La Heij et al., 1998; Starreveld and La Heij, 2004 ; for consistent results with a different paradigm, see also Vigliocco et al., 2004 ; but see Cubelli et al., 2005) . On the whole, these results suggest that priming gender information did not facilitate or affect in any way the production of the target noun itself. The facilitation effect observed in the noun phrase condition most likely arises during the selection of the appropriate determiner for the target noun (Caramazza et al., 2001; Schiller and Caramazza, 2003) . The retrieval process of the target noun, however, appears insensitive to the relative availability of information about its grammatical gender.
On the other hand, evidence from neuropsychological studies strongly suggested that grammatical category information plays a critical role in word retrieval. The interesting cases are those of brain-damaged patients who are disproportionately impaired in naming words from one grammatical category (verbs or nouns) in the spoken or written modality only (Caramazza and Hillis, 1991; Hillis and Caramazza, 1995a; Caramazza, 1998, 2002) . For example, in a spoken picture naming task, patient HW (Caramazza and Hillis, 1991) was more impaired with verbs than nouns (he scored 22% and 56% correct, respectively) but performed flawlessly for both verbs and nouns in the written version of the same task. In contrast, patient EBA (Hillis and Caramazza, 1995a) , who was tested with the same material as HW, scored 70% correct for verbs and 10% for nouns in spoken picture naming. Because the disproportionate deficit for verbs (HW) or nouns (EBA) was modality-specific, one can rule out that the verb-noun dissociation was due to some semantic features being correlated with the noun-verb distinction. Moreover, these patterns of grammatical category-specific deficit were observed even in tasks requiring the production of a single word, like picture naming, word naming, or naming from a definition. Shelton and Caramazza (1999) proposed to account for these patterns of deficits by assuming that they are the consequence of damage to the connections from modality-specific lexical nodes to a given grammatical category node, which resulted in a grammatical category-specific deficit for that modality. Within this account, grammatical category information is thus viewed as a necessary piece of information to which word retrieval processes need to access in order to successfully retrieve a word's phonological form, even in the context of single word production.
However, the seldom experimental work carried out with healthy participants on the role of grammatical category in word retrieval provided contradictory findings. Pechmann and Zerbst (2002) reported a series of picture naming experiments with the picture-word interference paradigm in which the distractor and the target word were either from the same or a different grammatical category (the target word was always a noun and the distractor was either another noun or a closed-class word or an adverb). In the first experiment, subjects had to name objects depicted in pictures with a bare noun, while in Experiments 2-5, they had first to produce a visually presented sentence fragment (i.e., "Peter sees. . .") and then name the object with the proper determiner and noun. No significant effect of grammatical category was found in the bare noun production condition (Experiment 1) whereas when the target word had to be produced within the context of a sentence (Experiments 2-5), the naming latencies were significantly longer when the distractor and the target word were from the same grammatical category than when they were from a different category. Such interference effect would reflect competition between the target word and the distractor word for the insertion into the same slot made available by the activated sentence (Pechmann et al., 2004) . These findings would suggest that the process of retrieving a word is insensitive to the relative availability of grammatical category information, just like gender information, and that the grammatical category effect observed in the sentence condition reflects the role of such information in sentence planning processes. However, with the same material and procedure, Janssen et al. (2010) did observe a grammatical category effect in the bare noun condition, in addition to the category effect obtained in the sentence condition (Experiment 1). Also, they showed that both effects were no more obtained when the distractors from the same (nouns) and the different (verbs) category from the target noun were controlled in imageability (Experiment 2). They concluded that the putative grammatical category effect observed with the picture-word interference paradigm was an effect of distractor imageability, not of distractor grammatical category and, therefore, that the grammatical category effect observed with that paradigm cannot be used to support the view that grammatical category information affects lexical selection.
Evidence that grammatical category information does influence word production processes was, however, found with another experimental paradigm with healthy participants. Melinger and Koenig (2007) presented to the participants, in a word naming task, orthographically ambiguous but phonologically distinct English nouns and verbs (such as convict, that can be pronounced as the noun CONvict vs. the verb conVICT ) preceded by an unambiguous noun or verb. They found that the speakers' naming preference was influenced by the grammatical category of the preceded word, i.e., speakers produced the form of the same grammatical category as the preceded word. This result suggests that grammatical category information is primeable and, moreover, that the activation level of the grammatical category feature can have a direct influence on lexical selection processes, even in single word production. However, as acknowledged by the authors, the paradigm of this study did not allow us to rule out that the priming effect in fact arose during the recognition of the visual stimulus rather than during lexical selection for production.
The experiments reported here aimed at providing additional experimental evidence with healthy participants in support of the hypothesis that grammatical category information, contrary to gender, could impact word retrieval processes.
In the main experiments, we used a blocking paradigm in order to prime lexical syntactic information in the context of a picture (Experiments 1, 4, and 5) or word (Experiment 3) naming. Participants had to produce the same critical words, which were masculine nouns, either within a stimulus list exclusively eliciting masculine nouns (homogeneous condition), within a stimulus list eliciting both masculine and feminine nouns (heterogeneous gender condition), or within a stimulus list eliciting both nouns and verbs (heterogeneous category condition). (For a similar but not identical paradigm used to prime semantic, phonological, and gender information, see Heim et al., 2009.) We assumed that both gender and grammatical category information is automatically activated in the course of single word production (e.g., Caramazza, 1997; Levelt et al., 1999) and that such information is primeable (Melinger and Koenig, 2007) . Hence, the repeated production of words from the same grammatical category or from the same gender would increase the availability of such information during word retrieval processes. Based on previous evidence that the relative availability of gender information does not influence single word retrieval production and that, on the contrary, grammatical category information is used as an additional constraint during single word retrieval processes, we therefore predicted that naming the critical words should be facilitated in the homogeneous condition in comparison with the heterogeneous category condition, whereas no facilitation should be observed in the homogeneous condition in comparison with the heterogeneous gender condition.
EXPERIMENT 1. PRIMING GENDER AND GRAMMATICAL CATEGORY INFORMATION IN PICTURE NAMING
In this experiment, participants had to name a set of masculine nouns from pictures of objects. Three naming conditions were set by adding filler picture stimuli to this set of pictures. In the www.frontiersin.org homogeneous condition (HOM), the filler pictures corresponded to masculine nouns, in the heterogeneous gender (HeGEND) condition, the filler pictures corresponded to feminine nouns, that is, words with a different gender from the critical words, and in the heterogeneous category (HeCAT) condition, the filler stimuli corresponded to verbs, that is, words with a different grammatical category from the critical words.
METHOD

Participants
Thirty-six students from the Psychology undergraduate pool of the Université catholique de Louvain participated in this experiment for course credit. They were all native French-speakers.
Material and design
Thirty black-and-white drawings of objects from 15 different semantic categories (clothing, containers, food, tools, musical instruments, vehicles, buildings, insects, birds, reptiles, trees, toys, arms, furniture, body parts; see Appendix B) were selected as critical stimuli. These drawings were prepared by a professional illustrator for the purpose of this study. The target word for these critical stimuli was always a masculine noun. The target words had a mean frequency (New et al., 2001 ) of 21 per million (SD = 8), a mean number of letters of 5.8 (SD = 1.4), and a mean number of phonemes of 4.3 (SD = 1.9). Three sets of filler pictures were selected: 20 pictures of objects eliciting a masculine noun, 20 pictures of objects eliciting a feminine noun, and 20 pictures of actions eliciting a verb. These three sets of filler words were matched one with the other for cumulative frequency, number of syllables, number of phonemes, and number of letters (all F s < 1). All the filler words were selected in order to be as dissimilar as possible from the critical words in terms of initial phoneme, initial letter, and rime. Moreover, the number of times each initial phoneme, initial letter, and rime present in the critical words appeared in the same position within the filler words was equated across the three sets of fillers. None of the selected items selected was ambiguous as regards its grammatical category.
The naming condition was manipulated as a within-subject and within-item variable. We used a counterbalanced design so that each participant was presented with all naming conditions but had to name each critical picture only once. To achieve this, the 30 critical pictures were distributed across three subsets of 10 critical pictures each and three groups of 12 participants were constituted. In order to set the three naming conditions, three blocks of items were prepared for each group of participants: one block was composed of one subset of 10 critical pictures (masculine nouns) and the 20 filler pictures eliciting a masculine noun (HOM condition); a second block was composed of another subset of 10 critical pictures (masculine nouns) and the 20 filler pictures eliciting a feminine noun (HeGEND condition); the third block was composed of the third subset of 10 critical pictures (masculine nouns) and the 20 filler pictures eliciting a verb (HeCAT condition). The subset of critical pictures that was mixed with the filler pictures eliciting either a masculine noun, a feminine noun, or a verb, was rotated across the three groups of participants. Within a given block, the items were pseudorandomly ordered, with the following constraints: (1) a critical picture was always preceded by at least one filler picture; (2) two successive words did not share their initial phoneme, letter, or rime. Ten additional fillers per condition were selected as "warm-up" items and presented at the beginning of each block. These were 10 pictures eliciting a masculine noun in the HOM condition, five pictures eliciting a masculine noun and five pictures eliciting a feminine noun in the HeGEND condition, and five pictures eliciting a masculine noun and five pictures eliciting a verb in the HeCAT condition. Among these 30 warm-up pictures, 15 pictures (five pictures in each condition, corresponding to masculine nouns) rotated together with the subset of critical pictures across the three groups of participants. In total, each block comprised 40 items: 10 "warm-up" pictures, 10 critical pictures, and 20 filler pictures. Each participant was successively presented with three blocks, one per condition. The order of presentation of the three blocks was rotated across participants. Examples of the pictures used to elicit the production of nouns and verbs are provided in Appendix A. Appendix B provides the lists of items.
Procedure
The experiment was controlled by the E-Prime software (Schneider et al., 2002) . The pictures appeared as a black outline on a white square of 75 mm × 75 mm in the center of the display. Response latencies were collected with a PST (Psychology Software Tools) serial response box. Each participant was tested individually and was asked to name the pictures as fast and as accurately as possible.
In order to familiarize the participants with the pictures used in the experiment and to reduce the number of alternative naming responses, the material was presented to them before the experiment began. They were first presented all the pictures in a random order together with their modal name (i.e., nouns for the objects and verbs in the infinitive form for actions). Then, they were asked to name the pictures with the modal name and to check their response against the expected name, which was displayed on the screen immediately after their response.
On each experimental trial, a fixation point (a square of 20 mm × 20 mm) was presented in the center of the screen for 500 ms; then, the screen was cleared for 100 ms and the stimulus was displayed until the voice key was triggered. The next trial began after an interval of 1500 ms. Latencies were measured from the onset of the stimulus. Malfunctioning of the voice key and participants' responses were checked by the experimenter. In an attempt to prevent or, at least, reduce potential carry-over effects of conditions, the participants were presented, after each block, a non-verbal distractive task lasting 2 min. In this task, the participants were visually presented with sequences of seven digits in random order and asked to re-order the digits in each sequence in ascending order as fast as possible 3 . 3 We can provide no direct evidence that this 2-min distractive task was effective in preventing carry-over effects between experimental blocks. In a distinct but related area of research, i.e., that of semantic context effects in spoken production, it was found that the effect of semantic homogeneity in picture naming (blocks of items from the same semantic category vs. from different semantic categories) was a relatively long-lasting effect (up to 12 s), which was obtained even when the samecategory naming trials were interleaved with different-category trials (Howard et al., 2006) or non-language filler trials (Damian and Als, 2005) . However, whether such long-lasting effects could be obtained with the manipulation of the syntactic as opposed to semantic context of naming is unknown. Anyway, to anticipate the results of the present experiments, a significant difference in the average naming
RESULTS AND DISCUSSION
Participants' errors (semantic or phonological errors, 1.2% overall) were not analyzed but excluded from the analyses, as well as recording [late responses, responses preceded by a vocalization (euh) or a mouth click] and technical failures (6.8% of the data). In order to deal with outliers, response latencies that deviated by more than 3.5 SD from their cell mean were also excluded (0.5% of the data).
Because a counterbalanced design with identical items across conditions was used, only participant was entered into data analyses as random variable (Raaijmakers et al., 1999; Raaijmakers, 2003) and the group variable was included in the analyses in order to remove variance due to the counterbalancing procedure.
Mean response latencies, SE, and size of the effects with 95% confidence intervals, as a function of the naming condition, are displayed in Table 1 . A significant main effect of condition was obtained [F (2, 66) = 3.79, MSE = 1613.31, P < 0.03]. Linear contrasts indicated that the 25-ms advantage of the HOM condition over the HeCAT condition was reliable [F (1, 66) = 6.77, P < 0.02]. However, the HOM condition did not significantly differ from the HeGEND condition (F < 1).
The results of this experiment confirmed our predictions: naming was faster when the target nouns had to be named within a stimulus list exclusively eliciting nouns than when they had to be named within a stimulus list eliciting both nouns and verbs. On the other hand, naming latency was not influenced by whether the stimulus list elicited only masculine nouns or both masculine and feminine nouns. Our account for the facilitation effect produced by the homogeneous category list is that such a list is likely to increase the availability of grammatical category information, which facilitated the retrieval of the target words because grammatical category information is used during word retrieval.
(The issue of whether we are dealing with facilitation in the homogeneous condition or with interference in the heterogeneous condition will be addressed in the General Discussion.)
Three possible alternative accounts for this effect need to be addressed, however. First, since in this experiment, the grammatical distinction between nouns and verbs was confounded with a semantic distinction, that between objects and actions, facilitation in the homogeneous list might be due to the successive naming of items from the same semantic class rather than from the same grammatical category. This is unlikely, however, because there is evidence from experimental studies based on a semantic blocking paradigm, which indicated that picture naming was slower in the context of items belonging to the same semantic category (e.g., Kroll and Stewart, 1994; Damian et al., 2001) or in the context of semantically close items (Vigliocco et al., 2002) in comparison to a heterogeneous semantic context. In our experiment, picture naming was, however, faster in the context composed of items that are supposedly more semantically similar one to the others, that is, in the list exclusively composed of objects, in comparison to latencies between homogeneous and heterogeneous category blocks will be found, which indicates that potential cross-over effects between homogenous and heterogenous blocks (or the reverse) have been greatly reduced or, at least, were weaker than the category homogeneity effect. Otherwise, no significant effect of category homogeneity should have been observed. the context supposedly composed of semantically dissimilar items (objects and actions). One might object that such discrepancy in the direction of the effect may be due to differences between the specific paradigm used in our experiment and the one used in the experiments showing a semantic interference effect. To address this potential objection, we tested in Experiment 2 whether a semantic interference effect would be found with our specific paradigm as well.
The second possible alternative account for our results is based on the assumption that distinct cognitive processes are involved in object and action naming, which has caused an extra processing cost in the HeCAT condition in comparison to the HOM condition, much like what is observed in experiments requiring task switching across trials (for a review, see Monsell, 2003) . It is possible, for example, that the prelexical processes involved in mapping the visual stimulus into a conceptual representation differ between objects and actions; visual recognition of objects indeed involves shape processing while visual recognition of actions requires motion processing, or inferred motion processing when actions are presented as static visual scenes.
Third, the effect of the stimulus list composition might have been caused in fact by the filler pictures in the HOM condition (i.e., object pictures) and in the HeCAT condition (i.e., action pictures) possibly not being equal in processing difficulty or speed. Although the target words corresponding to both kinds of filler pictures were matched on several lexical variables, naming object pictures could be easier and/or faster than naming action pictures because, for instance, visual-to-conceptual mapping would be easier/faster for pictured objects than actions. Inspection of our data reveals that, although both kinds of filler pictures gave rise to a similar amount of participant's errors (2.1% and 2.9% for objects and actions, respectively, a non-significant difference), the filler pictures of objects (masculine nouns) indeed were named, on average, 95 ms faster than the filler pictures of actions. One can think of two possible mechanisms by which a difference in processing difficulty or speed between both kinds of fillers could have caused faster naming latencies for the critical stimuli in the HOM condition. First, the naming process could have been faster for the critical stimuli in the HOM condition because the preceding trials (the filler pictures) were less difficult to process in that condition than in the HeCAT condition, thereby leaving more resources to perform the task on critical stimuli. Second, slower naming latencies for the filler pictures in the HeCAT compared to the HOM condition might have led participants to set a lower response-time criterion for all the stimuli in the HeCAT condition (Lupker et al., 2003) .
In order to address both the switching cost and the resource or response-time criterion accounts, we sought to replicate the findings of Experiment 1 in two further experiments based on the same paradigm and rationale, except that the naming of the filler verbs and nouns was elicited from written word stimuli and the naming of the target nouns was elicited from written words as well (Experiment 3) or from pictures (Experiment 4).
EXPERIMENT 2. PICTURE NAMING WITHIN SEMANTICALLY HOMOGENEOUS vs. HETEROGENEOUS LIST
The aim of this experiment was to address the semantic account for the facilitation effect of grammatical category homogeneity www.frontiersin.org obtained in Experiment 1. Indeed, the words in the homogeneous grammatical category condition were all of the same general semantic class (i.e.,"objects") while the words in the heterogeneous grammatical category condition were of two distinct semantic classes (i.e., "objects" and "actions"). As we have already mentioned, previous studies (Kroll and Stewart, 1994; Damian et al., 2001 ) have reported an interference effect when pictures were named within a semantically homogeneous list, which actually weakens the semantic account for the facilitation effect obtained in Experiment 1. However, one could object that the interference effect was observed with a blocking paradigm that differed from the one used in Experiment 1. In Damian et al.'s (2001) study, the participants were presented with 10 semantically homogeneous lists and 10 semantically heterogeneous lists composed of five pictures each and every list had to be named five times, so that in total each picture was named 20 times (blocked-cyclic paradigm). In Kroll and Stewart's (1994) experiment, the participants were presented with 120 pictures representing objects from 12 semantic categories, divided into four lists. In the "categorized" lists, the items were drawn from two to four semantic categories and all the items from a given semantic category were presented in sequence within the list whereas in the "randomized" lists the items from the 12 semantic categories were presented in random order. In contrast, in our experiment, the participants were presented with three lists of 40 pictures, with each list being either homogeneous (HOM and HeGEND conditions) or heterogeneous (HeCAT condition) as regards grammatical category; moreover, each target word had to be named only once. Hence, one cannot rule out that an interference effect in semantically homogenous lists could be found only in an experimental design (number of items and procedure) close to that used by Damian et al. (2001) or by Kroll and Stewart (1994) while, within the design used in our Experiment 1, semantic homogeneity would produce an effect toward the opposite direction -even if it is unclear which specific feature of the designs would be responsible for such discrepancy. Thus, in this experiment, we tested whether a semantic interference effect would be found with the same design and paradigm as that used in Experiment 1. We used exactly the same number of items and the same procedure as in Experiment 1, except that we manipulated the composition of the lists according to a semantic dimension, which was finer grained than the "objects vs. actions" distinction: 20 animal pictures were selected as critical stimuli to name and they were mixed either with other animal pictures (homogeneous semantic condition) or with pictures from various semantic categories (heterogeneous semantic condition).
METHOD
Participants
Sixteen students from the Psychology undergraduate pool of the Université catholique de Louvain, who were not involved in Experiment 1, participated in this experiment for course credit.
Material and design
Twenty black-and-white drawings of animals were selected as critical stimuli. The target words had a mean frequency of 13 per million (SD = 9), a mean number of letters of 6.2 (SD = 2), and a mean number of phonemes of 4.5 (SD = 1.8). Two sets of filler pictures were selected: 20 pictures of animals and 20 pictures of non-animal objects. All the critical and filler pictures were drawn from Alario and Ferrand (1999) . The names of these two sets of pictures were matched for cumulative frequency, number of syllables, number of phonemes, and number of letters (all F s < 1). All the filler words were selected in order to be as dissimilar as possible from the critical words in terms of initial phoneme, initial letter, and rime. Moreover, the number of times each initial phoneme, initial letter, and rime present in the critical words appeared in the Frontiers in Psychology | Language Sciences same position within the filler words was equated across the two sets of fillers (see Lists of Material in Appendix B).
The naming condition was manipulated as a within-subject and within-item variable. We used a counterbalanced design so that each participant was presented with the two naming conditions but had to name each critical picture only once. To achieve this, the 20 critical animal pictures were distributed across two subsets of 10 critical pictures each and two groups of eight participants were constituted. In order to set the two naming conditions, two blocks of items were prepared for each group of participants: one block was composed of one subset of 10 critical animal pictures and the 20 filler animal pictures (HoSEM condition), the second block was composed of the other subset of 10 critical animal pictures and the 20 filler non-animal pictures (HeSEM condition). The attribution of a critical picture subset to a condition was rotated across the two groups of participants. Within a given block, the items were pseudorandomly ordered, with the following constraints: (1) a critical picture was always preceded by at least one filler picture; (2) two successive words did not share their initial phoneme, letter, or rime. Ten additional fillers per condition were selected as "warm-up" items and presented at the beginning of each block. These were 10 animal pictures in the HoSEM condition and five animal pictures and five non-animal pictures in the HeSEM condition. In total, each block comprised 40 items: 10 "warm-up" pictures, 10 critical pictures, and 20 filler pictures. Among the 20 warm-up pictures, 10 pictures (the five corresponding to animals from each condition) rotated together with the subset of critical pictures across the two groups of participants at the time of the counterbalancing. Each participant was successively presented with the two blocks, one per condition. The order of presentation of the two blocks was rotated across participants.
The procedure was exactly the same as in Experiment 1 (including the presentation of the distractive task between the blocks), except that we used the MEL software to run the experiment.
RESULTS AND DISCUSSION
Participants' errors (semantic or phonological errors: 5%) were not analyzed but excluded from the analyses, as well as recording (late responses, responses preceded by a vocalization or a mouth click) and technical failures (5.3% of the data). In order to deal with outliers, response latencies that deviated by more than 3.5 SD from their cell mean were also excluded (0.3% of the data).
The results indicated that, on average, the naming latencies of the critical stimuli were longer in the HoSEM condition (662 ms, SD = 111) than in the HeSEM condition (566 ms, SD = 119). The 96-ms difference between both conditions was significant [F (1, 14) = 7.28, MSE = 10127.32, P < 0.02, CI 0 . 95 = 14, 178].
We thus found that, within the same design and procedure as those used in Experiment 1, semantic homogeneity produced an interference effect. This finding made it very unlikely that the facilitation effect observed in the grammatical homogeneous (HOM) condition compared to the grammatical heterogeneous (HeCAT) condition in Experiment 1 had a semantic locus, i.e., that it was due to the grammatical homogeneous list comprising items from the same semantic class (i.e., "objects"). Admittedly, in Experiment 1, our design might have produced a semantic interference effect in the grammatical homogeneous list compared to the grammatical heterogeneous list, because the former possibly included more semantically related items than the latter. Nonetheless, the important result is that the facilitation effect produced by grammatical homogeneity was effective and large enough to outweigh the possible interference effect produced by semantic homogeneity.
EXPERIMENT 3. PRIMING GENDER AND GRAMMATICAL CATEGORY INFORMATION IN WORD NAMING
Both the switching cost and the resource or response-time criterion accounts for the facilitation effect produced by the HOM condition over the HeCAT condition are related to the processing of the object and action pictures used as fillers possibly being of a different nature, difficulty, or speed. Given that it is probably not feasible to equate both kinds of stimuli according to these variables (see Szekely et al., 2005) , these alternative accounts are hard to dismiss in the context of a picture naming task. We therefore sought to replicate the findings of Experiment 1 in a word naming experiment based on the same paradigm and rationale as in Experiment 1. It is reasonable indeed to assume that naming filler verbs and nouns presented as written word stimuli neither relies on distinct cognitive processes nor would give rise to different naming difficulty or speed, if both kinds of stimuli are matched for relevant lexical variables.
We assumed that the spoken production of a word from a written word stimulus relies both on a lexical and a sublexical processing route operating in parallel (Paap and Noel, 1991; Paap et al., 1992) and that word naming shares common word retrieval processes with picture naming at the output stage (e.g., Hillis and Caramazza, 1995b; Lambon Ralph et al., 1999) . Hence, we predict that the production of a word in the context of a word naming task is likely to be affected by the availability of grammatical category information just as in the context of a picture naming task.
This expectation finds some motivation in the pattern of performance observed in brain-damaged patients who are selectively impaired in naming words from one grammatical category in the spoken or written modality only. Patient EBA (Hillis and Caramazza, 1995a) , for example, showed a selective deficit in the spoken production of nouns in comparison to verbs both in picture and word naming. Importantly, both visual recognition and comprehension of nouns was spared in EBA, which indicates that her deficit in reading nouns aloud was located at the output level. Admittedly, the sublexical processing route for word naming was severely impaired in EBA and it is likely that any lexical effect is more readily detected in such a condition. It is worth noting, however, that the literature on word processing by normal subjects provides ample evidence that reading aloud involves access to semantic or lexical information, even in languages with fully transparent orthography. Thus, many studies have reported semantic effects on word naming latencies, such as effects of the semantic context (Damian et al., 2001) , of a semantically related prime (Sperber et al., 1979; Balota and Lorch, 1986; Tabossi and Laghi, 1992) , polysemy (Hino and Lupker, 1996; Hino et al., 1998; Lichacz et al., 1999) , number of semantic features (Pexman et al., 2002) , or concreteness (Strain et al., 1995; Cortese et al., 1997; Shibahara et al., 2003) , as well as lexical effects like effects of word frequency (Laudanna et al., 1997; Bates et al., 2001; Raman and Baluch, 2001) www.frontiersin.org and age of acquisition (Gerhand and Barry, 1998) . On this basis, we thus expected to observe effects of a lexical feature like grammatical category on word naming in normal subjects too.
METHOD
Participants
Thirty-six students from the Psychology undergraduate pool of the Université catholique de Louvain, who were not involved in Experiment 1 or 2, participated in this experiment for course credit.
Material, design, and procedure
All the items (critical, fillers, and "warm-up" items) selected in this experiment were identical to the items used in Experiment 1, except that written words, instead of pictures, were used as stimuli and had to be named. In addition, we checked that the filler items (the fillers plus the "warm-up" items not involved in the counterbalancing procedure, that is, a total of 25 items by condition) were equated in difficulty, by running an experiment in which only these filler words were presented in separate blocks to 18 (other) participants, who were asked to name them as quickly and as accurately as possible. The results showed no significant difference (F 1 and F 2 < 1) in naming latencies between the filler items (mean RL = 520 ms SD = 47, mean RL = 515 ms SD = 58, and mean RL = 524 ms SD = 45, for masculine nouns, feminine nouns, and verbs, respectively) 4 .
The design and procedure were identical in every respect to those of Experiment 1 (including the presentation of the distractive task after each block), except that, in this case, there was no familiarization phase with the material and that the "+" symbol was used as a fixation point.
RESULTS AND DISCUSSION
Participants' errors (semantic or phonological errors: 0.7%) were not analyzed but excluded from the analyses, as well as recording (late responses, responses preceded by a vocalization or a mouth click) and technical failures (2.45% of the data). Response latencies that deviated by more than 3.5 SD from their cell mean were also excluded (0.65% of the data). The results are displayed in Table 1 .
The analyses revealed a significant main effect of condition [F (2, 66) = 3.08, MSE = 433.98, P = 0.05]. Linear contrasts indicated that the mean naming latencies of the critical items were significantly shorter in the HOM condition than in the HeCAT condition [F (1, 66) = 6.09, P < 0.02], while the mean latencies of these items did not significantly differ between the HOM and the HeGEND condition (F = 1).
We checked that the facilitation effect in the HOM condition was not caused by a difference in naming latencies between the fillers once presented within the specific paradigm and design used in this experiment 5 . We found no significant difference (F 1 and 4 Like in the data analyses of Experiment 1, data points corresponding to a participant's error or a recording or technical failure (3.2%) or an outlier (0.6%) were removed for the analyses. In addition, the data from one item (ausculter, "auscultating") had to be excluded because of the exceptionally high number of missing data (33%) for that item. Once this item was removed, the rate of missing data amounted to 3.4%. 5 Participants' errors and recording or technical failures (3.9%), and outliers (1.1%) were excluded from these analyses. In addition, the item ausculter ("auscultating") F 2 < 1) in naming latencies between fillers (mean RL = 516 ms SD = 50, mean RL = 518 ms SD = 50, and mean RL = 519 ms SD = 49, for the masculine nouns, feminine nouns, and verbs, respectively) 6 .
Thus, we replicated, in a word naming task, the pattern of results obtained in a picture naming task (Experiment 1). Furthermore, the Cohen's (1988) D, an effect size index based on the standardized difference between the means, indicated that the grammatical category effect observed in the word naming task was of a similar magnitude as that observed in the picture naming task (D = 0.35 and D = 0.33, respectively). That we found a similar pattern of results in both tasks undermines an account of the results obtained in the picture naming task solely in terms of a side effect of switching cost, resource differences, or responsetime criterion and supports the interpretation of the facilitation effect found in both picture and word naming as truly originating from the availability of grammatical category information being increased in a homogeneous category list.
EXPERIMENT 4. PRIMING GENDER AND GRAMMATICAL CATEGORY INFORMATION IN PICTURE NAMING WITH WRITTEN WORD FILLERS
The results of Experiment 3 supported the assumption that even single word naming involves access to grammatical category information. It follows that it should be possible to replicate the grammatical category effect found in Experiments 1 and 3 in an experiment based on the same design and paradigm but in which the filler items are named from written words and the critical items from pictures. Replicating our results in such an experiment would allow us to obtain evidence for the impact of grammatical category information on word retrieval both in a production task which is closer to spontaneous speech production than that of Experiment 3 (i.e., in picture rather than word naming) and in experimental conditions that overcome the potential problems raised by the use of object and action pictures as fillers in Experiment 1. Since the fillers are words, not pictures, and the three kinds of fillers (masculine nouns, feminine nouns, and verbs) would be matched regarding their corresponding response latency (Cf. see Material, Design, and Procedure of the Experiment 3), any account of the results in terms of switching cost, resource, or response-time criterion could be dismissed. Although mixing a word naming and a picture naming task in a single experiment would involve a form had to be excluded here too because of 33% missing data. Once this item was removed, the rate of missing data amounted to 4.7%. 6 One might expect that the naming latencies of the filler verbs would be longer in the context of the experimental, category heterogeneous, list than in the context of the pre-experiment list, which in fact is a category homogenous list (see the Method Section). However, the difference between both these lists does not at all parallel the difference between our experimental conditions (between the category homogeneous and heterogenous experimental lists). Let us remind that we conceived of the category homogeneous list as a priming context. Thus, the critical items in the homogeneous experimental list, on which the mean response latencies were measured, appeared after several "warm-up" and filler items from the same grammatical category have already been named whereas no such category priming occurred in the heterogeneous condition for these same critical items. In contrast, the set of filler verbs were not primed by preceding trials of the same grammatical category in either the category homogenous, pre-experimental list or the category heterogeneous, experimental list.
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of task switching, such mixing is unlikely to hinder the interpretation of the results since it would occur exactly in the same fashion in the three experimental conditions. Furthermore, in this fourth experiment, we attempted at increasing statistical power by using a sample of 54 participants instead of 36. This was motivated by the results of Experiments 1 and 3 repeatedly showing shorter naming latencies in the HOM in comparison with the HeGEND condition. Although these trends were far from reaching significance (F s < 1), they could suggest that gender information also could impact spoken word production, albeit to a lesser extent than grammatical category information. A gender priming effect thus could turn out to be reliable with increased statistical power.
METHOD
Participants
There was 54 participants in this experiment including 36 students from the Psychology undergraduate pool of the Université catholique de Louvain, and 18 volunteers. None of these participants were involved in Experiments 1, 2, or 3.
Material, design, and procedure
All the items selected in this experiment were identical to the items used in Experiments 1 and 3. However, in this experiment, pictures served as stimuli for naming critical items and written words served as stimuli to name filler items. The design and procedure were identical in every respect to those of Experiments 1 and 3 (including the presentation of the distractive task after each block), except that, in this case, there was a familiarization phase only with the intended name for the pictures. In addition, the fixation point was the symbol "+" before the display of a picture and a series of six crosses ("x") before the presentation of a written word.
RESULTS AND DISCUSSION
Participants' errors (semantic or phonological errors: 1%) were not analyzed but excluded from the analyses, as well as recording (late responses, responses preceded by a vocalization or a mouth click) and technical failures (7.6% of the data). Response latencies that deviated by more than 3.5 SD from their cell mean were also excluded (1% of the data). The results are displayed in Table 1 .
The analyses revealed a significant main effect of condition [F (2, 102) = 3.32, MSE = 1619.15, P < 0.05]. Linear contrasts indicated that the mean naming latencies of the critical items were significantly shorter in the HOM than in the HeCAT condition [F (1, 102) = 6.56, P < 0.02] while the mean latencies of these items did not significantly differ between the HOM and the HeGEND conditions [F (1, 102) = 1.08, P = 0.30]. We checked that the facilitation effect observed in the HOM condition was not caused by a difference in word naming latencies between the fillers once presented within the specific paradigm and design used in this experiment. We found no significant difference (F 1 and F 2 < 1) in word naming latencies between the different kinds of fillers (mean RL = 468 ms SD = 51, mean RL = 467 ms SD = 61, and mean RL = 469 ms SD = 51, for the masculine nouns, feminine nouns, and verbs, respectively) 7 .
The findings of this experiment thus replicated the pattern of results found in Experiments 1 and 3, within a context where the critical words were named from pictures and the fillers did not differ in nature (all written words), difficulty, or processing speed across the three experimental conditions. Moreover, it is worth noting that the effect of grammatical category found in this experiment (D = 0.32) was of a similar magnitude as the effect observed in Experiment 1 (D = 0.35) and Experiment 3 (D = 0.33). The priming effect of grammatical category information thus was highly consistent across the three experiments, in spite of their differences in naming conditions and overall naming latencies.
Increasing the number of participants in this experiment still did not allow us to detect a reliable effect of gender homogeneity -but we still found shorter naming latencies in the HOM in comparison with the HeGEND condition, like in Experiments 1 and 3. In order to further increase statistical power, we performed an additional analysis by gathering the data from the three experiments (see Results in Table 1 ). The ANOVA performed on mean response latencies with Experiment (1, 3, and 4) as between-subject factor and Condition (HOM, HeGEND, HeCAT) as within-subject factor yielded a significant main effect of Experiment [F (2, 123) = 74.32, P < 0.001], a significant main effect of Condition [F (2, 246) = 8.09, P < 0.0005], and no significant interaction (F < 1). Paired comparisons indicated that the mean naming latencies of the critical items were significantly shorter (by 19 ms) in the HOM than in the HeCAT condition [F (1, 123) = 15.03, P < 0.0003]. However, the average 7-ms difference in response latencies for the critical items between the HOM and the HeGEND condition still did not reach significance [F (1, 123) = 2.10, P = 0.15].
INTERIM SUMMARY
In Experiment 1, we found that picture naming was faster when the target items, which were nouns, had to be named within a stimulus list exclusively eliciting nouns (HOM condition) than when they had to be named within a stimulus list eliciting both nouns and verbs (HeCAT condition). In Experiment 2, we showed that this facilitation effect of grammatical category could not have a semantic origin since semantic similarity among the items of a list resulted in an interference effect. Then, the results of Experiments 3 and 4 allowed us to rule out that the facilitation effect observed in the HOM compared to the HeCAT condition in Experiment 1 was a side effect of the lower processing difficulty of filler object pictures compared to filler action pictures, which could have left the participants more resources available to process the critical object pictures in the HOM compared to the HeCAT condition or led them to set a lower response-time criterion in the HeCAT compared to the HOM condition. Indeed, in Experiments 3 and 4, we equated the processing difficulty between noun and verb fillers by presenting them as written words instead of pictures of objects and actions. We also addressed the issue of whether the findings from Experiment 1 were possibly due to a switching cost in the HeCAT condition. Were the recognition of the object and to be excluded here too because of 35% missing data. Once this item was removed, the rate of missing data amounted to 3.8%.
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action pictures used to elicit nouns and verbs based upon distinct cognitive processes, switching between the processing of an action picture and an object picture in the HeCAT condition might have caused an extra processing cost for naming the critical object pictures. We were able to dismiss this alternative account by showing that, again, naming was faster in the HOM than in the HeCAT condition when the recognition processes were made identical for the stimuli eliciting nouns and verbs, that is, by using written words instead of pictures as both filler and critical stimuli (Experiment 3) or by using written words as filler (noun and verb) stimuli and (object) pictures only for the critical stimuli (Experiment 4) 8 .
There remains, however, an ambiguity as to the mechanism underlying the grammatical category effect in these experiments. Our starting assumption underlying our experimental manipulations was that the repeated production of words from the same grammatical category was likely to increase (by repeated priming) the availability of category information during word retrieval. Thus, following this assumption, the "noun" information was made more available in the HOM than in the HeCAT condition because only nouns were produced in the HOM condition. However, in all three Experiments (1, 3, and 4), the HeCAT list was made up so that each critical item (a noun) was always preceded by an item of a different grammatical category (a filler verb). Thus, the question arises of whether it was the manipulation of the stimulus list, blocked vs. mixed as regards category, or the nature of the preceding trial, of same vs. different-category, that caused the naming latency differences between the HOM and the HeCAT condition. We empirically addressed this issue in the next experiment.
EXPERIMENT 5. CATEGORY-BLOCKING EFFECT vs. CATEGORY-SWITCHING EFFECT
The aim of this experiment was to seek direct empirical evidence in support of our interpretation that the shorter naming latencies for the critical items in the HOM compared to the HeCAT condition was due to a blocking effect, that is, an effect originating from the stimulus list being homogeneous vs. heterogeneous as regards grammatical category. (Let us specify here that whether such blocking effect should be viewed as a facilitation effect of the HOM condition or, instead, an interference effect of the HeCAT condition, is a different issue which will be addressed in the General Discussion Section). The alternative to be dismissed is that the longer naming latencies in the HeCAT compared to the HOM 8 Let us note that other possible sources of switching cost, like uncertainty about the task or the word category of the response to provide, were unlikely. Contrary to the typical switching task paradigms (e.g., Altmann, 2007 ; see for review Monsell, 2003) , the participants in Experiment 1 always had to perform the same task -orally name the picture -whatever the picture. Moreover, a given stimulus picture never served to elicit two different responses across trials. A given stimulus picture, say that of a glass, was not used once to elicit the verb drinking and, at another time, to elicit the noun glass. Every stimulus picture in the experiment had to be named with one and only one name from only one word category, a verb or a noun. Finally, as far as the critical items (nouns) are concerned, there was no ambiguity about knowing whether it had to be named as a verb or a noun, since no action was represented in the picture, only an object without any context. Anyway, the results of Experiment 4 ruled out an account in terms of uncertainty as to whether to name the picture as a verb or a noun, since the only kind of pictures presented during this experiment were object pictures to be named as nouns.
condition was in fact a category-switching interference effect originating from the critical trials (nouns) always being preceded by a trial eliciting a verb in the HeCAT condition (in addition to being interspersed within a list heterogeneous as regards grammatical category). A category-switching interference effect could be expected if, for instance, it were assumed that noun and verb syntactic nodes were connected by inhibitory links (e.g., Caramazza, 1997). In that case, the activation and selection of the verb node during the retrieval of the name of a verb filler in the HeCAT condition would inhibit the noun node which, on the subsequent critical trial, would then need more activation (more time) to be selected.
In this experiment, we used the paradigm of Experiment 4, that is, the filler nouns and verbs had to be named from written words while the critical nouns had to be named from pictures of objects, by changing the following aspects: (i) we considered only the HOM and HeCAT conditions; (ii) we manipulated the order of appearance of the critical nouns within the HeCAT list so that they had to be named either after naming a verb (category-switching position) or after naming a noun (same-category position). If it were the switching between word categories in the HeCAT condition that produced the effect found in the previous experiments, then we should find (i) that the critical items are named faster in the HOM condition than in the HeCAT condition (because there are no category switches in the HOM condition), and (ii) that the critical items appearing in a category-switching position are named more slowly that the items appearing in a same-category position in the HeCAT condition. No difference in naming latencies between the critical items in a category-switching and a same-category position in the HeCAT condition is expected if the effect found in the previous experiments was a blocking effect.
METHOD
Participants
Thirty-two participants were paid for this experiment. None of them participated in the previous experiments.
Material, design, and procedure
The critical stimuli were 20 object pictures (masculine nouns) of which most (15) but not all were drawn from the set of critical pictures used in Experiments 1, 3, and 4 (see List of Material in Appendix B). The target words had a mean frequency (New et al., 2001 ) of 16 per million (SD = 9), a mean number of letters of 6.1 (SD = 1.5), and a mean number of phonemes of 4.6 (SD = 1). We also used the same set of filler words as those used in the previous experiments 9 , that is, 25 masculine nouns for setting the HOM condition and 25 verbs for setting the HeCAT condition, to which we added 10 filler pictures of objects (masculine nouns).
The critical pictures were organized in pairs. The two pictures of a pair were presented in immediate succession and at the same position (position 1 or position 2) within the HOM and the HeCAT lists. The picture in position 1 followed a filler word (a noun in the HOM and a verb in the HeCAT list) and the picture in position 2 followed the first picture of the pair. In the HeCAT list, 9 Except that the verb ausculter ("auscultating") was replaced with the verb pondre ("laying") because it generated too many errors.
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the picture in position 1 thus appeared in a category-switching position (i.e., after the naming of a verb filler) and the picture in position 2, in a same-category position (i.e., after the naming of a noun). Sometimes, however, a filler object picture was inserted between the two pictures of a pair in order to prevent a predictable alternation between pairs of pictures and filler words. In this experiment, like in Experiment 4, the switching between naming a filler word and a picture thus was unpredictable, but there was no uncertainty about the grammatical category of the word to be named from the pictures, since only pictures of objects, corresponding to the critical noun items, were presented. Finally, we insured that two successive items within a list did not share their initial phoneme, letter, or rime.
The homogeneity of the list (HOM vs. HeCAT) and picture position (position 1 vs. 2, i.e., category-switching vs. samecategory position in the HeCAT list) were manipulated as withinsubject and within-item variables. We used a counterbalanced design so that each participant was presented with both kinds of lists and both position conditions but had to name each critical picture only once. To achieve this, the 20 critical pictures were distributed across two subsets of 10 critical pictures each and two groups of 16 participants were constituted. In order to set the two naming conditions (HOM and HeCAT), two blocks of items were prepared for each group of participants: one block was composed of one subset of 10 critical pictures (masculine nouns) plus one subset of five filler object pictures (masculine nouns) and the 25 filler masculine nouns (HOM condition); the second block was composed of the other subset of 10 critical pictures (masculine nouns), the five other filler object pictures (masculine nouns), and the 25 filler verbs (HeCAT condition). In that way, each of the two blocks was comprised of 40 trials, of which the first 10 trials were filler items (i.e., serving as "warm-up" items). The attribution of a critical and filler picture subset to a condition was rotated across the two groups of participants. Furthermore, the two groups of 16 participants were split in two so that the position in which a target picture appeared into a pair was counterbalanced across the subgroups of participants. Each participant was successively presented with the two blocks and the order of presentation of these blocks was rotated across participants. The procedure was identical in every respect to that used in Experiment 4 (including the presentation of the distractive task after the first block).
RESULTS AND DISCUSSION
Participants' errors (semantic or phonological errors: 0.5%) were not analyzed but excluded from the analyses, as well as recording (late responses, responses preceded by a vocalization or a mouth click) and technical failures (6.5% of the data). No outlier data (response latencies deviating by more than 3.5 SD from their cell mean) had to be excluded. The results are displayed in Table 2 .
We performed an ANOVA with homogeneity and position as within-subject variables. (We also included the group factor in order to remove variance due to the counterbalancing procedure, but we will not report its effects). The analyses revealed a significant main effect of category homogeneity [F (1, 28) = 6.52, MSE = 1834.64, P < 0.02], the mean naming latencies of the critical items being significantly shorter in the HOM than in the HeCAT condition. We found no significant effect of position [F (1, 28) = 0.04, MSE = 2074.16, P = 0.84] and the interaction was not significant either [F (1, 28) = 0.06, MSE = 2019.44, P = 0.81]. Actually, in the HeCAT condition, the difference between the mean naming latencies of the critical items in a category-switching and a same-category position was virtually inexistent (F = 0).
Since the homogeneity effect was not modulated by position, these results confirmed that the facilitation effect observed in the HOM compared to the HeCAT condition in Experiments 1, 3, and 4 was independent from any category-switching cost in the HeCAT condition. Therefore, the results obtained in this last experiment allowed us to establish that the effect reported in these experiments were indeed due to a blocking list effect, that is, an effect originating from the stimulus list being homogeneous vs. heterogeneous as regards grammatical category, rather than to a cost produced by the need to name successively two words from a different grammatical category. If it were the switching between word categories that had been responsible for the effect, we would have found a significant difference between the naming latencies of the target items appearing in a category-switching position and the target items appearing in a same-category position within the HeCAT condition, either because the target items in category-switching position were slowed down by the inhibition caused by the naming of the preceding verb, or because the target items in same-category position were speeded up by the priming caused by the naming of the preceding noun. This was not the case. We did not detect any effect of position in the HeCAT condition.
GENERAL DISCUSSION
The results of this study indicated that the relative availability of information about the grammatical category of a word influences the speed with which that word is retrieved. That we observed such an effect in the context of single word production strongly suggests that grammatical category information impacts word retrieval per se, not merely phrase and sentence syntactic encoding processes. Neither Caramazza's (1997) nor Levelt et al.'s (1999) theory of word retrieval could account for this finding: within these models there is no mechanism allowing lexical syntactic information, once activated or selected, to influence the retrieval of a target word.
In Caramazza's (1997) Independent Network (IN) model of the lexicon, the spoken production of a word starts with the selection of lexical-semantic representations of which activation then propagates toward the lexeme network (of which nodes represent modality-specific lexical items) and the lexical syntactic network (of which nodes represent the syntactic features of words like grammatical category and gender). Thus, grammatical category features receive activation from the semantic network. However, such activation is not sufficient for a syntactic node to reach threshold: selection of the full set of syntactic features of a word requires the prior activation and selection of the lexeme node. Then, activation of the lexeme node results in activation of its associated phonological nodes (i.e., the word phonological form).
Within this theoretical framework, it is possible to account for the priming of grammatical category information but not for how such priming could then facilitate the selection of the lexeme or the phonological nodes. Thus, the priming of category information in www.frontiersin.org the context of the blocking paradigm used in our experiments could be described as follows. On presentation of the picture of an object, its semantic representation is activated and that activation then spreads, on the one hand, to the "Noun" node represented in the lexical syntactic network and, on the other hand, to the lexeme node associated with that semantic representation. Then the activated lexeme node spreads its activation to both the "Noun" category node and the phonological nodes to which it is connected. In the homogeneous category naming condition, the "Noun" node is repeatedly activated and selected on each presentation of a picture, which results in enhancing the residual activation of the "Noun" node, which is then more rapidly selected on the subsequent trial. In the heterogeneous category naming condition, the "Noun" category node is comparatively less often activated and selected during the naming task, so that its resting level of activation is lower than in the homogeneous category condition. Further to its repeated activation spreading from semantic and lexeme nodes, a third source of higher activation of the grammatical category node "Noun" in the homogeneous compared to the heterogeneous list could be provided, in a top-down fashion, by the representation of the task (Thompson-Schill and Botvinick, 2006 ). Even if not specified to them, the participants may notice that only objects (or nouns) have to be named from pictures (or written words). This task-specific requirement for a noun response may act as a prime of the category node "Noun." However, within the IN theory, the level of activation or the selection of the lexeme node does not depend on the level of activation or prior selection of its associated syntactic nodes. Actually, it is even assumed that, in some circumstances, the lexeme node could activate its phonological content even if its syntactic features were not activated or selected. Accordingly, the IN model cannot account for the finding that the level of activation of a grammatical category node impacts the speed of word retrieval. In Levelt et al.'s (1999) theory of lexical production, the production of a word starts with activation of concept nodes that then spreads to lemma nodes. Upon selection of a lemma node, the syntactic features of the word become available for further grammatical encoding, that is, creating the appropriate syntactic environment for the word. Each lemma node points to one grammatical category node (Verb, Noun, Adjective) and one gender node (Masculine, Feminine, Neuter). Thus, like in the IN model, this theory could predict that the repeated naming of a word from the noun category could enhance the level of activation of the "Noun" category node but it could not explain that the level of activation of this category node then influences the speed of selection of the lemma node and/or, subsequently, the activation and selection of morpheme and phoneme nodes.
How, then, can the impact of grammatical category information on word retrieval be accounted for? First of all, let us specify that the grammatical category node corresponding to a given lexical item should be conceived of as a lexically stored package of information specifying the combinatory rules and the inflectional paradigm of that item (see for a different proposal Marantz, 1997; Barner and Bale, 2002) . We propose that it is such information whose level of activation was increased in the homogeneous compared to the heterogeneous category naming condition of our experiments, and that this increased activation facilitated the process of word form retrieval. We can think of two possible, mutually non-exclusive, hypotheses about the level of representation and processing at which such facilitation may arise (see Figure 2) . Both of them would require changes in the extant lexical models in relation to assumptions regarding either the structure or the flow of activation between the levels of the network.
The first hypothesis is that the level of activation of a category node could influence the activation and selection of a lexical node. This hypothesis would need to posit bidirectional links between lexical and category nodes. In both the IN and the Levelt et al.'s (1999) models, the connection between lexical and category nodes are unidirectional, i.e., from lexical nodes to a category node. By adding a connection from the category node to lexical nodes, the level of activation of a lexical node could be determined by the activation spreading both from its semantic representation and the grammatical category node to which it is connected. In that way, grammatical category information would act as an additional source of information for the activation and selection of a lexical unit. The assumption that activation may spread from a grammatical category node to lexical nodes is independently motivated by the need to coordinate lexical retrieval and sentence building processes during sentence production (e.g., Stemberger, 1985;  FIGURE 2 | A schematic representation of two hypothetical mechanisms allowing grammatical category information to impact word retrieval processes: (1) Bidirectional links between lexical and grammatical category nodes; (2) Priming of category-specific morphological processes/morphemes. Dell, 1986; Dell et al., 2008) . Within this perspective, grammatical category nodes also receive activation from the syntactic frame specifying a sequence of slots labeled by grammatical category and lexical selection is being guided by the "syntactic-sequential" units defining the grammatical category of the subsequent word to be chosen to fill the sentence frame (Dell et al., 2008) . Since by this mechanism, all lexical nodes sharing the same grammatical category (e.g., nouns) would receive part of the activation from a given grammatical category node, this additional source of activation would account for only a small amount of lexical node activation (Goldrick and Rapp, 2002) . Nonetheless, this additional activation could be determining for selection in some circumstances like, for instance, when two lexical nodes from distinct grammatical categories have similar levels of activation because of their sharing most of their semantic features (e.g., decide/decision; see Duran and Pillon, 2003) .
Behind this proposal lies, implicitly, the idea that the time required to select a lexical node does not depend on the levels of activation of other activated, non-target nodes -that, in other words, lexical selection is not competitive. Because, according to our proposal, all lexical nodes sharing the same grammatical category (e.g., all nouns) would receive activation from the grammatical category node, the level of activation of all these non-target lexical nodes would increase as well as the level of activation of the target node. If the selection of a lexical node were by competition, such mechanism would result in slowing down the selection of the target lexical node, i.e., in an interference effect instead of the facilitation effect described in our proposal. Yet the idea that lexical selection is competitive has long been the received view in the speech production research (e.g., Roelofs, 1992; Levelt et al., 1999) . Three sources of evidence has been thought to support this view: (1) the semantic interference effect in the picture-word interference paradigm, in which the visual presentation of a semantically related distractor word slows down the naming of a simultaneously presented picture compared to an unrelated distractor word (e.g., Schriefers et al., 1990) ; (2) the cumulative semantic interference effect in the continuous picture naming paradigm, in which picture naming latencies increase monotonically as a function of the number of preceding trials from the same semantic category (Howard et al., 2006) ; and (3) the interference effect of semantic context in the semantic blocking naming paradigm, in which objects are named more slowly in the context of same-category items than in the context of items from various semantic categories (Damian et al., 2001) . However, the relevance of all these three sources of evidence for competitive lexical selection has recently been questioned. First, Mahon et al. (2007) reported experimental findings showing that the semantic interference effect in the picture-word interference paradigm occurs at a post-lexical, decision processing level. Second, Oppenheim et al. (2010) showed that competitive lexical selection is not required to explain cumulative semantic interference, which could be modeled as competition arising through learning, and Navarrete et al. (2010) found evidence suggesting that this effect arises prior to lexical selection, through changes to the weights of the connections between semantic and lexical representations. Third, Damian and Als (2005) , whose findings showed that the interference effect of semantic context in the semantic blocking paradigm was based on a persistent mechanism, suggested that this effect also could be due to changes in the connections between semantic and lexical representations. To date, there is thus no compelling evidence in support of the notion that lexical selection is a competitive process. Although our findings cannot directly inform this issue, they are more easily explained within the view that lexical selection is not competitive.
Returning to the assumption of bidirectional links between lexical and category nodes, it would be more difficult to integrate within Levelt et al.'s (1999) model because, within this model, it is assumed that sentence construction processes are lexically driven. In other words, it is the lexical node (the lemma) that has been selected with its syntactic nodes that guides the construction of a sentence frame -not the sentence frame that partly drives the selection of a lexical node. We may dispense of bidirectional links and the major changes this hypothesis would imply within the architecture of the lexical (and sentence production) system by simply assuming that a lexical node reaches its selection threshold only when the corresponding grammatical category node is selected. The selection of a category node would then be a prerequisite for the selection of a lexical node. One possible motivation for this constraint is that, at the subsequent processing level, that is, during the phonological encoding of the word, information about its grammatical category is in fact mandatory. The grammatical category of a word indeed determines both the kind of "extrinsic" www.frontiersin.org syntactic features (e.g., case and number for nouns, tense, aspect, person, and number for verbs) that have to be assigned to a lexical unit and the inflectional processes that have to be applied to it in order to express these features. Therefore, in languages with inflectional morphology, if one posits that these processes cannot be bypassed, the final phonological shape of a word could not be retrieved or computed if information about its grammatical category is lacking (Shapiro et al., 2000; Shapiro and Caramazza, 2003a) .
The second hypothesis about the level at which category information could influence word retrieval is at the phonological processing level. Thus, the increased level of activation of a grammatical category node might facilitate either the selection of the category-specific morphophonological processes or the retrieval of category-specific morphemes. Thus, in our experiments, the facilitation effect observed in the homogeneous condition could reflect the facilitated access to the same inflectional processes (noun inflection) or to the same noun-specific inflectional morpheme (i.e., a zero morpheme, since all the nouns were to be named in the singular form) while, in the heterogeneous context, either noun or verb inflectional process or specific morphemes (i.e., a zero nominal morpheme or the infinitive verbal morpheme) had to be selected depending on the trials. It is presently unclear, however, whether these two notions could be distinguished at the theoretical and empirical levels (for discussion of this issue, see Shapiro and Caramazza, 2003b) .
Within the functional architecture of the lexical processing system, grammatical category and gender would thus have a distinct status. At the lexical level of processing, information about the gender of a word could not influence the level of activation of the lexical node corresponding to that word. There would be no connection from gender nodes to lexical nodes, possibly because such connection is not needed to coordinate lexical retrieval with sentence building processes, given that noun selection in the context of a sentence is free of gender constraint. Moreover, at least in languages like French, German, or Dutch, information about the gender of a word could not affect the subsequent level of processing, i.e., the phonological encoding and related morphological processes. In these languages, no inflectional transformation is dependent on gender information; being a masculine or a feminine noun would determine the final form of its determinants and adjectives, but not of the noun itself. However, we would predict that in languages in which gender determines the inflectional transformations that a word can undergo, like, for instance, in Italian (see Cubelli et al., 2005) , the priming of gender information could impact the speed of phonological encoding processes and, accordingly, its effect could be reliably detected in a naming experiment using our blocking paradigm.
In other words, according to our proposal, it is not the kind of lexical syntactic features per se that determines how it is represented and processed within the lexical system and how it impacts word retrieval but rather which are its specific functions in sentence and phonological word formation in the language under consideration. Depending on the processing level at which grammatical information indeed impacts word retrieval (i.e., lexical, phonological, or both), we thus expect different effects of grammatical category information on word retrieval across languages and across different classes of words. For instance, if the facilitation of word production by priming grammatical information occurs only at the lexical processing level, similar effects of priming should be observed for nouns, verbs, and adjectives, in both French and English, since a connection from the category nodes to the lexical nodes can be motivated, in both languages, by the need to coordinate the selection of these classes of words with sentence structure building processes. On the contrary, if the facilitation of word production occurred only at the phonological processing level, a priming effect of grammatical category information should be observed for adjectives in French but not in English, since adjectives incur specific inflectional transformations in French but not in English. If the facilitation occurred at both the lexical and the phonological levels, then priming effects could also be observed for adjectives in English albeit to a lesser extent than in French, because word production would benefit from one source of priming instead of two.
Our blocking paradigm, especially with the word naming task, could be employed to test these predictions. Moreover, if it were found that facilitation effects arose at the phonological level of processing, the paradigm could be used to examine whether, at this level, the priming of category facilitates the selection of the category-specific morphophonological processes or the retrieval of category-specific morphemes. If it is the selection of specific morphemes that were facilitated, then facilitation should be observed only when the words to be produced all bear the same inflectional morpheme.
In designing the naming experiments reported here, we made the assumption that the blocking of the grammatical category of the target words in the category homogeneous naming condition should enhance the level of activation of grammatical category information ("Noun") in that condition compared to the heterogeneous condition and then speed up, facilitate, the production of the target nouns compared to the same target nouns mixed with target verbs in the category heterogeneous condition. However, technically, our design does not allow us to know whether we are dealing with facilitation in the homogeneous condition or with inhibition in the heterogeneous condition, since we have no baseline. In the latter case, we can assume, for example, that the production of a verb in the heterogeneous condition led to the selection of the "Verb" category node by inhibition of the "Noun" node, which would then slow down the production of the subsequent nouns because of the need to surmount this inhibition.
Actually, this issue is dependent on whether the selection of lexical syntactic nodes is conceived of as a graded, automatic (discrete), or competitive process, a question that has been debated, so far, in relation to the selection of gender nodes. Thus, some authors (e.g., La Heij et al., 1998; Levelt et al., 1999) viewed the selection process of a gender node as based on graded activation. According to them, the gender-congruency effect in picture-word interference studies (i.e., slower naming latencies when the target and distractor word have the same gender) is a priming effect arising from "repetition-sensitive links between lemmas and the gender nodes" (La Heij et al., 1998, p. 217) or from the gender-congruent distractor "boosting the level of activation of the gender node" of the target word (Levelt et al., 1999, p. 14) . Other authors (e.g., Schriefers, 1993) interpreted this effect as an interference effect Frontiers in Psychology | Language Sciences arising from competition between the gender node of the target and the gender node activated by the gender-incongruent distractor word. This interpretation concurs with the assumption made within the IN model (Caramazza, 1997) , according to which lexical syntactic feature nodes "have inhibitory links since there are in competition" (Caramazza, 1997, p. 194) . Others (Caramazza et al., 2001; Schiller and Caramazza, 2003) argued that the gendercongruency effect is in fact a "determiner-congruency" effect and that lexical syntactic features "automatically become available as part of the selection of a lexical node" (Schiller and Caramazza, 2003, p. 189) .
This latter, discrete view of the lexical syntactic feature selection process, which is derived from evidence related to gender selection, cannot explain the grammatical category effect reported here, whether conceived of as a priming or an interference effect. Moreover, the results of Experiment 4 did not favor the interpretation of the grammatical category effect as an interference effect arising from competition between distinct category nodes: the naming of a verb filler at least did not slow down the naming of the subsequent target noun. Thus, the findings of this experiment did not support the view that, when a word is produced, the activation of its grammatical category node inhibit nodes of other categories and, accordingly, all the words of other grammatical categories. More importantly, we believe that assuming competition between grammatical category nodes (as, for instance, in Caramazza, 1997) is not plausible because such a mechanism would be counter-productive in connected speech, where virtually every word produced is from another category than the previous one. If inhibition was created from the category node of the previous word, this could produce dramatic effects on fluency. Therefore, we believe that it is more plausible to assume that a category node may be primed but not subject to inhibition from other grammatical category nodes, the category node whose level of activation is higher being then selected.
CONCLUSION
This study provides consistent experimental evidence in support of the hypothesis that information about the grammatical category of a word contributes to the retrieval of that word, even in single word production. Specific hypotheses about the mechanisms by which grammatical category information could influence lexical selection and/or phonological encoding have been proposed. These hypotheses design future directions for empirical studies. Moreover, on their own, the findings of this study do not allow us to make the strong claim that the successful retrieval of a word depends on the retrieval of information about its grammatical category, in particular, because such information is mandatory for the word's morphophonological encoding. However, together with the data from neuropsychological studies showing that brain-damaged patients could be selectively impaired in naming words from one grammatical category, they encourage to entertain this strong hypothesis in further studies. 
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